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[57] ABSTRACT

A probe apparatus is provided for on-wafer testing of an
electrical circuit, the probe apparatus comprising a base
plate formed from an electrically conductive material,
the base plate including top and bottom surfaces; a sub-
strate formed from a dielectric material, the substrate
including top and bottom surfaces, the top surface of the
substrate being electrically connected to the bottom
surface of the base plate; at least one microstrip trans-
mission line secured to the bottom surface of the sub-
strate, the microstrip line including a first end and a

- second end; a coaxial connector including a center con-

ductor in electrical contact with the first end of the
microstrip transmission line; and a needle probe electri-
cally connected to the second end of the microstrip
transmission line, the needle probe extending in a direc-
tion substantially away from the base plate.

S Claims, 7 Drawing Figures
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APPARATUS FOR ON-WAFER TESTING OF
ELECTRICAL CIRCUITS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to devices for testing electronic
circuits, and more particularly, to devices for on-wafer
testing of electronic circuits.

2. Description of the Related Art

The large scale production of physically small elec-
tronic circuits from semiconductor materials has cre-
ated a need for economical methods for manufacturing
and testing such circuits. Typically, the manufacturing
process involves the formation of many discrete elec-
tronic circuits from a thin wafer of semiconductor mate-
rial. After formation of the individual circuits, the wafer
1s sliced to separate individual circuits so that they can
be individually sealed in protective packages for distri-
bution and sale.

Due to the possibility of manufacturing defects which
could render individual electronic circuits unacceptable
for their intended uses, it is desirable to test each elec-
tronic circuit prior to distribution and sale. Further-
more, because the packaging of individual circuits can
involve relatively delicate, complex and expensive pro-
cedures, it is desirable to test the circuits prior to pack-
aging in order to identify defective circuits and elimi-
nate them from the packaging procedures. Therefore,
such electronic circuits often are tested while still inte-
grally attached to the semiconductor wafer on which
they were formed.

The advent of increasingly high frequency electronic
circuits which can operate at frequencies extending into

the gigahertz range has spurred the development of test

equipment for on-wafer testing of such high frequency
circuits at or near their operating frequencies. The
equipment usually includes a probe apparatus for con-
ducting electrical test signals between metallized pads
on the wafer adjacent to an electronic circuit being
tested and an electronic network for analyzing such
signals. A recurrent problem in constructing such a
probe apparatus stems from the fact that at very high
frequencies, unshielded transmission lines can behave as
inductances, blocking electronic signals and thus inhib-
iting the high frequency testing of electronic circuits.
A first earlier probe apparatus for on-wafer testing of
electronic circuits at frequencies in the gigahertz range
is illustrated in FIGS. 1 and 2. Referring to FIG. 1, the
first earlier probe apparatus (14) comprises a metal base
layer (16) overlayed by a dielectric layer (18). An aper-
ture (20) extends through the metal base layer (16) and
the dielectric layer (18). Microstrip transmission lines
- (22) reside upon the dielectric layer (18) and extend to a
region adjacent to the aperture (20); whereupon, re-
spective needle probes (24) in electrical contact with
respective microstrip transmission lines (22) extend
from their respective microstrip transmission lines (22)
through the aperture (20) and make electrical contact

- with an electronic circuit disposed on a semiconductor 60

wafer (26) beneath the first apparatus (14).

FIG. 2 illustrates further aspects of the first earlier
apparatus (14). More specifically, there is shown an
electrical transition between a center conductor (28) of
a coaxial transmission line and the microstrip transmis-

sion line (22). It will be understood that signals often are
conducted between the first probe apparatus (14) and
electric networks (not shown) for analyzing such sig-

10

2

nals by coaxial transmission lines, and signals are con-
ducted between such coaxial transmission lines and the
needle probles (24) by microstrip transmission lines (22).
The center conductor (28) is substantially housed
within a cylindrical outer conductor shield (30) and is
urged against an enlarged region (32) of the microstrip
transmission line (22) by a small spring (not shown).
FIG. 3 depicts aspects of a second earlier probe appa-
ratus (34) for conducting electrical test signals between
metallized pads (36) adjacent to a wafer-mounted elec-
trical circuit (38) and an electronic network (not shown)
for analyzing such signals. The second earlier probe

- apparatus (34) comprises a plurality of probes (39)
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formed from a dielectric material. The dielectric probes
(39) enclose transmission lines (not shown) which con-

- duct test signals between conductive probe needles (not
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shown) which depend from the probes (39) and are in
electrical contact with the metallic pads (36). The
probes (39) both support the transmission lines and the
probe needles and provide electrical shielding to the
transmision lines. Additionally, grounding probes (42)
in electrical contact with certain metallic pads (36)
provide electrical grounding during test procedures.

While earlier devices for high frequency on-wafer
testing of electronic circuits generally have been suc-
cessful, there have been limitations on their use. For
example, despite the relatively small dimensions of the
unshielded needle probes (24) of the first earlier probe
apparatus (14), the needle probes (24) still are long
enough to experience inductance which can inhibit the
accurate testing of electronic circuits which operate
above certain relatively high frequencies. Additionally,
the geometry of the enlarged region (32), illustrated in
FIG. 2, where the center conductor (28) makes electri-
cal contact with the microstrip transmission line (22)
may result in poor impedance matching.

Furthermore, although the second earlier apparatus
(34) illustrated in FIG. 3 generally features shorter
needle probes (not shown) which permit relatively ac-
curate on-wafer testing of electronic circuits even at
relatively high frequencies, the probes (39) generally
are not easily modified to test different electronic cir-
cuits having different numbers and arrangements of
metallic pads (36). Additionally, the probes (39) are
relatively bulky, and each probe (39) can effectively
enclose only a limited number of transmission lines.
Thus, for example, where a relatively small electronic
circuit surrounded by a relatively large number of me-
tallic pads is to be tested, there may be insufficient space
adjacent to such an electronic circuit to bring enough
needle probes into electrical contact with the metallic
pads to perform accurate testing. These limitations in
the use of the second earlier probe apparatus (34) can

- prove to be drawbacks when, for example, it is desired

to perform on-wafer high frequency tests of a variety of
integrated electronic circuits having different numbers
and arrangements of metallic pads. |

Thus, there has been a need for a test probe apparatus
for improved on-wafer testing of electronic circuits.
The test probe apparatus should be capable of perform-
Ing accurate testing of high frequency circuits at opera-
tional frequencies well into the gigahertz frequency
range and should be flexible enough to be easily modi-
fied to test a variety of different electronic circuits hav-
ing relatively large numbers and varied arrangements of
metaliic pads. The present invention meets this need.
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SUMMARY OF THE INVENTION

In a presently preferred embodiment, the probe appa-
ratus comprises a base plate formed from an electrically
conductive material. The base plate includes top and
bottom surfaces and, for example, may be formed from
a block of metal. A layer of dielectric material 1s se-
cured to the bottom surface of the base plate, and at

least one microstrip transmission line 1s secured to a
~ bottom surface of the dielectric layer. The microstrip

transmission line includes two ends. A center conductor
of a coaxial connector is in electrical contact with one
end of the microstrip transmission line, and a needle
probe is electrically connected to another end of the
microstrip transmission line, the needle probe extends
from the microstrip transmission line in a direction sub-
stantially away from the base plate.

In a further aspect of the invention, an outer shield of
the coaxial connector is electrically connected to the
base plate, and the base plate defines a conduit through
which extends an end segment of the center conductor
which substantially abuts the microstrip transmission
line. Furthermore, the center conductor, the microstrip
transmission line, the conduit and the dielectric layer
are proportioned to provide a relatively smooth well
matched electrical transition from coaxial to microstrip
transmission line. Thus, relatively good impedance
matching is provided.

.. The novel probe apparatus of the present invention
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. therefore provides relatively short needle test probes
.which can conduct test signals at relatively high fre-
-quencies without suffering substantial losses due to in-
..ductance. Furthermore, since relatvely small needle test

probes are used, a relatively large number of them can
be brought into close proximity to electrical circuits to
be tested. Finally, the new probe apparatus provides an

35

.electrical transition from coaxial to mircrostrip trans-
~mission line in which impedances can be relatively well

~matched.

... These and other features and advantages of the pres-
_sent invention will become more apparent from the fol-

lowing detailed description of an exemplary embodi-
ment thereof, as illustrated in the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

The purpose and advantages of the present invention
will be apparent to those skilled in the art from the
following detailed description in conjunction with the
appended illustrative drawings in which:

FIG. 1 is a cross-sectional view of a portion of a first
earlier probe apparatus;

FIG. 2 i1s a perspective partially fragmented view of
an electrical transition from coaxial to microstrip trans-
mission line of the first earlier probe apparatus of FIG.
1;

FIG. 3 is a top elevation view of a portion of a second
earlier probe appratus;

FIG. 4 is a perspective top view of a presently pre-
ferred embodiment of a probe apparatus of the present
invention;

FIG. § is a perspective partially exploded bottom
view of the embodiment of FIG. 4;

FIG. 6 is a cross-section view along line 6—6 of FIG.
4: and

F1G. 7 is an enlarged view illustrating details of FIG.
6.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention provides a novel probe appara-
tus for on-wafer testing of elctrical circuits. The follow-
ing description is presented to enable any person skilled
in the art to make and use the invention, and 1s pres-
ented in the context of a particular application and its
requirements. Various modifications and improvements

to the preferred embodiment will be readily apparent to
those skilled in the art, and the generic principles herein

may be applied to other embodiments and applications.
Thus, the present invention is not intended to be limited
to the embodiment shown, but it 1s to be accorded the
widest scope consistent with the principles and features
disclosed herein.

Referring to FIGS. 4 and 35, illustrative drawings are
provided of the novel probe apparatus (40) of the pres-
ent invention. The probe apparatus (40) comprises a
rectangular carrier plate (42) defining a rectangular
openning (44) through the center thereof. The carrier
plate (42) includes first and second flanges (46) extend-
ing along perimeters of opposite outer sides thereof.
The first and second flanges (46) are suitable for firm
attachment of the carrier plate (42) to a test jig (not
shown) during circuit testing.

The carrier plate (42) defines a groove (48) formed in
a top surface thereof as, for example, by machining. The
groove (48) comprises four straight intersecting groove
segments which together define a substantially rectan-
gular path. The groove (48) is bounded by respective
inner and outer wall segments (50) and (52), each of
which are inclined and non-orthogonal relative to a
plane of the top surface of the carrier plate (42).

Twelve substantially identical coaxial connectors
(54) (only one of which is shown) are secured to the

~ carrier plate (42). More specifically, each respective

coaxial connector (54) includes a pair of integral flanges
(55) extending in opposite directions from one end
thereof. The respective integral flanges (53) rest upon
respective inner wall segments (50). Furthermore, each
respective inner wall segment (50) is inclined at an angle
of approximately forty-five degrees relative to the plane
of the top surface of the carrier plate (42). Three coaxial
connectors (54) are secured at substantially equal inter-
vals along each inner wall segment (50). In the pre-
ferred embodiment, for example, the respective coaxial
connectors (54) are secured to the respective inner wall
segments (50) by screws (§6) inserted through the inte-
gral flanges (55).

It will be appreciated that a respective central axis of
each respective coaxial connector (54) is inclined at an
angle of approximately forty-five degrees relative to the
plane of the top surface of the carrier plate (42). Fur-
thermore, it will be understood that the respective outer
wall segments (52) are inclined and nonorthogonal rela-
tive to the aforementioned plane such that adequate
spacing is provided between respective opposed inner
and outer wall segments (5§0) and (52) to accommodate
the respective inclined coaxial connectors (54).

The carrier plate (42) is formed from an electrically

conductive material such as aluminum or brass which is

65

sturdy enough to provide dimensional stability.
Referring now to the drawings of FIG. 5, there is
provided a partially exploded bottom view of probe
apparatus (40) of the present invention. First and second
rectangular concentric recessed regions (38) and (60),
respectively, are formed in a bottom surface of the
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carrier plate (42) about the rectangular openning (44).
The first recessed region (58) surrounds the second
recessed region (60) and is less deeply recessed than the
second recessed region (60). Respective perimeters of
each recessed region (58) and (60) are aligned with
one-other and with a perimeter of the rectangular open-
ning (44) such that all three substantially share a com-
mon diagonal. Twelve conduits (61), each one corre-
sponding to a respective coaxial connector (54), open
through the bottom surface of the carrier plate (42)
immediately adjacent to an outer perimeter of the first
recessed region (58). The conduits (61) are distributed
three to a side about the outer rectangular perimeter
and are spaced apart from one-another at substantially
equal intervals.

‘A mother board (62) fits flush within the first re-
cessed region (58). The mother board (62) comprises a
thin dielectric layer (66) formed from a material such as
‘alumina or quartz. The dielectric layer (66) has micro-
strip transmission lines (68) disposed thereon such that a
metallic electrical ground layer (64) resides on an upper
surface of the dielectric layer (66).

The metallic electrical ground layer (64) of the
mother board (62) is secured to the carrier plate (42) by
suitable means such as, for example, silver epoxy. The
thickness of the dielectric layer (66) is approximately
0.010 inches, and the thickness of the metallic electrical
ground layer (64), which provides dimensional stability,
is selected such that a bottom surface of the dielectric
layer (66) is substantially flush with a bottom surface of
the carrier plate (42). The width of each microstrip
- transmission line is approximately 0.010 inches.

- Each respective microstrip transmission line (68)
includes a first end which is disposed immediately adja-
- cent to a respective conduit (61), and the corresponding

microstrip transmission line (68) extends from that con- -

duit (61) to a perimeter of a mother board openning (70)
which is sized and contoured to follow a perimeter of
the second recessed region (60).

J
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An interchangeable insert board (72) fits flush within 40

the second recessed region (60) within the mother board
- openning (70). The insert board (72) is a thin laminated
structure comprising a metallic upper insert layer (74)
which, for example, can be formed from the same con-
ducting material as the carrier plate (42). It also includes
a dielectric insert layer (76) formed from a dielectric
- material such as alumina or quartz. Finally, microstrip
transmission lines (78) are formed in a conventional
manner. It will be appreciated that the metallic upper
insert layer (74) provides electrical grounding and is
thick enough to provide structural support for the insert
board (72).

The thickness of the dielectric insert layer (76) is
approximately 0.010 inches, and the thickness of the
metallic upper insert layer (74), which provides dimen-
stonal stability, is selected such that a bottom surface of
the dielectric insert layer (76) is substantially flush with
- the bottom surface of the dielectric layer (66) of the
mother board (62). Each individual microstrip transmis-
sion has a width of approximately 0.010 inches. |

The insert board (72) is removably secured to the
carrier plate (42) by suitable means such as by screws
(80). Thus, the insert board (72) selectively can be re-

moved and a different insert board (not shown) can be
substituted as necessary.

In the embodiment depicted in FIG. 5, the insert
board (72) includes ten microstrip transmission lines
(78). Each respective microstrip transmission line (78)
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6

extends from an outer perimeter of the insert board (72)
whereupon it substantially abuts against and makes
electrical contact with a respective of the microstrip
transmission lines (68) of the mother board (62), and
each respective line (78) extends substantially to a pe-
riphery of a viewing port (82) defined by the insert
board (72). Thus the respective microstrip transmission
lines (68) and (78) of the respective mother board (62)
and insert board (72), in the embodiment illustrated in
FI1G. 5, define ten respective microstrip transmission

line paths (68, 78) each including a first end adjacent to

a respective conduit (61) and a second end adjacent to
the periphery of the central rectangular aperture (82). It
will be understood that a different insert board (not
shown) may be inserted as necessary to provide either
more or less transmission line paths.

The respective second ends of the microstrip trans-
misston line paths (68, 78) may be electrically coupled
to respective needle probes which depend from the
periphery of the viewing port (82) as will described in
more detail below. | .

From the drawings of FIGS. 6 and 7, one will under-
stand that during testing, the probe apparatus (40) is
lowered to a position above a semiconductor wafer (94)
bearing an electric circuit under test. As will be more
fully described below, respective needle probes (98,
108) are brought into electrical contact with appropri-
ate regions (104, 105) on the surface of the wafer (94) so
that electrical test signals can be conducted between the
wafer (94) and the probe apparatus (40).

FIG. 6 illustrates an electrical transition from a re-
spective coaxial connector (54) to a respective micro-
strip transmission line path (68; 78). In the presently
preferred embodiment, the twelve coaxial connectors
(54) each comprise a cylindrical outer conductor (84), a
cylindrical center conductor (88) and a layer (86) of a
dielectric material, such as the material known by the
trade name Teflon, disposed therebetween. The coaxial
connectors (54), for example, may be a conventional
type known in the trade as SMA connectors which are
produced by Microwave Associates which has a place
of business at Burlington, Mass. The details of such
connectors are well known and need not be described
herein.

The center conductor (88) of each respective coaxial
connector (34) protrudes beyond an end of its cylindri-
cal outer conductor (84) adjacent to the inner wall seg-
ment (30) upon which the connector (54) rests. More
specifically, a respective cylindrical dielectric segment
(90) formed from the coaxial connector dielectric mate-
rial extends beyond the end of each individual connec-
tor (54), and a respective center conductor (88) extends
through the center of the cylindrical dielectric segment
(90) and protrudes beyond a distal end thereof.

Twelve respective cylindrical recesses (92) are
formed, for example, by machining in an inner wall
segment (50). The cylindrical recesses (92) are sized to
receive and to provide a snug interfit about a respective
cylindrical dielectric segment (90). The depth of each
such recess (92) is selected such that a respective outer
conductor (84) and its corresponding integral flanges
(55) abut against respective inner wall segments (50)
wherein the recess (92) is formed.

A respective conduit (61) extends from a bottom of
each respective cylindrical recess (92) and through the
carrier plate (42) to the outer rectangular perimeter of
the first recessed region (58) as described above. Each

“individual center conductor (88) includes a protruding
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end segment which extends through a respective con-
duit (61) and substantially abuts against and makes an
electrical connection with a first end of a corresponding
microstrip transmission line path (68,78).

Thus, in the preferred embodiment, twelve conduits
(61) extend through the carrier plate (42). Each conduit
(61) has a diameter which measures approximately

0.030 inches. The protruding end segment portion of
each center conductor (88) measures approximately

0.010 inches in diameter. Therefore, there is a diametric 10

distance of approximately 0.010 inches between an
outer surface of each such end segment portion and
carrier plate walls defining a corresponding conduit
(61).

Furthermore, it will be appreciated that the protrud-
ing end portions of each of the center conductors (88)
are inclined at angles of approximately forty-five de-
grees relative to the plane of the top surface of the
carrier plate (42) because of the above-described incli-

nation of the respective inner wall segments (50). Of 20

course, the paths of the respective conduits (61) are
similarly inclined.

The respective protruding end portions of the center
conductors (88) which abut against and make electrical
" connections with first ends of corresponding microstrip
transmission line paths (68, 78) are secured to such first
ends, for example, by soldering or by the application of
a suitable conductive bonding agent such as silver ep-
_oXxy. Although in some instances the mere abutting
“‘contact between the protruding end portions and the
“first ends of the transmission line paths (68, 78) may
_.provide adequate electrical connection without the

-need for soldering or the application of a conductive
bonding agent.

The carrier plate (42) is coated with a conductive
coating such as gold plating. The respective metallic
upper layers (64,74) also are coated with a conductive
-coating such as gold plating.

... Thus, top surfaces of the respective dielectric layers
-+(66,76) are in electrical contact with bottom surfaces of
:the metallic layers (64, 74), and the respective outer

~conductors (84) and the integral flanges (35) are in elec-

trical contact with carrier plate (42). Furthermore, the
metallic layers (64, 74) and the carrier plate (42) are in
electrical contact with one another. Therefore, the me-
tallic layers (64, 74), the carrier plate (42) and the re-
spective outer conductors (84) all can be maintained at
electrical ground during testing procedures.
- It will be appreciated that the width of each respec-
tive microstrip transmission line path (68, 78) is substan-
tially equal to the diameter of the protruding end por-
tion of each respective center conductor (88)—(0.010
inches). Likewise, the vertical spacing—0.010 inches-
between each microstrip transmission line path (68, 78)
and the top surface of the dielectric layer (66, 76),
which is maintained substantially at electrical ground
during testing, is substantially equal to the radial spac-
ing between the protruding end portion of each respec-
tive center conductor (88) and the walls defining the
corresponding conduits (61), such walls, of course, also
being maintained substantially at electrical ground dur-
ing testing.

Thus, a relatively smooth electrical transition from
coaxial to microstrip transmisison lines is provided in
which there is relatively good impedance matching.
Furthermore, this transition is achieved substantially
without any portion of a center conductor (88) protrud-
ing significantly beneath the bottom surface of the di-
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electric layer (66, 76), which is important because the
bottom surface is relatively close to the wafer (94) dur-
ing testing procedures. Also, this transition is provided
substantially without the need for a mechanical device,
such as a spring, to urge the center conductor (88) into
physical contact with the microstrip transmission line
path (68,78).

Referring now to the illustrative drawing of F1G. 7,

details are shown of the probe apparatus (40) within
dashed lines labelled (96) in F1G. 6. More particularly,

a needle test probe (98) is illustrated. The needle test
probe (98) includes a round shank, a sharp end (100) and
a blunt end (102). The shank is bent at approximately a
sixty degree angle near the sharp end (100) such that the
sharp end extends in a direction generally away from
the dielectric layer (76) and toward a metallic test pad
(104) located near a periphery of an electronic circuit
(106) formed on the wafer (94). A segment of the shank
of each respective needle test probe (98) adjacent to its
blunt end (102) is secured to a respective microstrip
transmission line (78) near the periphery of the viewing
port (82) such that the sharp end (100) of each respec-
tive needle test probe (98) is in electrical contact with a
metallic test pad (104) when the probe apparatus (40) is
lowered over an electrical circuit (106) during testing.
The shank of the needle test probe (98), for example,
can be secured to the corresponding microstrip trans-
mission line, for example, (78) by soldering.
Furthermore, FIG. 7 illustrates a grounding probe
(108) which also depends through the viewing port (82)
and which provides an electrical path between the gold
plated upper surface of the dielectric layer (76) and a
metallic grounding pad (105) secured to the wafer (94)
near the periphery of an electronic circuit (106). The
grounding probe (108) also has a circular shank and a
sharp end (110) and a blunt end (112). A segment of the
shank adjacent to the blunt end (112) is secured to the
metallic upper layer (74), and the grounding needle
(108) is bent at approximately a sixty degree angle such
that the sharp end (110) extends in a direction generally
toward a respective grounding pad (105) beneath the
probe apparatus (40) during testing. The shank of the
grounding needle, for example, can be secured to the
metallic upper layer (74), for example, by soldering.
The respective needle test probes (98) and grounding
needles (108) have respective sharp ends (100) and (110)
which are substantially coplanar and which extend ap-
proximately 0.015 inches beneath a lower surface of the
dielectric layer (76). The respective needle test probes
(98) and grounding needles (108) have diameters of
approximately 0.001 inches near the centers of their
respective shanks. Thus, the respective needle test’
probes (98) and grounding needles (108), are relatively
delicate and compliant. If their respective sharp ends
(100) or (110) are not exactly coplanar, respective indi-
vidual needle test probes (98) or grounding needles
(108) which are slightly longer or which otherwise
extend farther below the dielectric layer (76) will flex as
necessary upon making physical contact with their re-
spective test pads (104) or grounding pads (105) to per-
mit respective shorter needle test probes (98) or ground-
ing needles (108) to make electrical contact with their
respective test pads (104) or grounding pads (105).
Thus, the present probe apparatus (40) provides re-
spective needle test probes (98) which extend substanti-
aly from the bottom surface of the dielectric layer (76)
to respective test pads (104). Since the distance between
the bottom surface of the dielectric layer (76) and a
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respective test pad (104) is relatively short, the respec-

tive needle test probes (98) also can be relatively short.
It will be appreciated that shorter needle test probes
(98) can conduct electrical test signals at substantially
higher frequencies without experiencing significant
inductance losses. Furthermore, since the individual
respective needle test probes (98) are physically rela-
tively small, a relatively large number of them can be
provided to make electrical contact with respective
metallic test pads (104).

Therefore, an electrical path for the transmission of 10

electrical test signals between respective coaxial con-
nectors (54) and respective needle test probes (98) is
provided by the respective microstrip transmission line
paths (68, 78) each of which extends substantially from
respective conduits (61) to the viewing port (82). The
microstrip tranmission line paths (68, 78) provide shield-
ing which substantially prevents inductance losses dur-
ing transmission of electrical test signals between coax-
1al connectors (54) and the needle test probes (98). Since
IICrostrip transmission line paths (68, 78) are relatively
lossy, however, their total length should be relatively
short. |

It will be understood that, in a particular application,
the number of needle test probes (98) and grounding
needles (108) and their distribution about the viewing
port (82) will be determined by the number and the
layout of respective metallic test pads (104) and metallic
grounding pads (105) about an electronic circuit (106)
on a wafer (94) under test. For example, an insert board
(72) can be selected or can be custom-built to test wafer-
mounted electronic circuits having a particular number
and arrangement of metallic test pads and metallic
ground pads. For example, referring to FIGS. 4 and 5,
although the preferred embodiment is adapted to in-
clude twelve coaxial connectors (54), only ten micro-
strip transmission lines (78) are formed on the insert
board (72) illustrated in FIG. 5. Thus, an electronic
circuit which might be tested using an insert board (72)
such as that illustrated in FIG. 5 would not make use of
at least two of the available coaxial connectors (54).
Other alternative insert boards (72) (not shown) could
be built, however, which comprise twelve microstrip
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transmission lines (78) and could easily be substituted in |

place of the insert board (72) shown in FIG. 5.
Finally, the dimensions and contour of the viewing

port (82) advantageously can be selected so as to sub-
stantially follow the contour of the periphery of an
electrical circuit (106) to be tested which may be, for
example, irregular in shape. Since the viewing port (82)
tollows the contour of the circuit under test, the probes
(98, 108) advantageously can be shorter in length. It will
be appreciated that the small dimensions of the needle
test probes (98) and the grounding probes (108) and as
well as those of the electronic circuit (106) tested may
require the use of a microscope (not shown) in order to
view adequate details through the viewing port (82).
Therefore, the probe apparatus (40) of the present
invention can be used to effectively perform on-wafer
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electrical testing of electrical circuits at or near opera- -

tional frequencies extending significantly into the giga-
hertz range. By securing the needle test probes (98) to
microstrip transmission line paths (68, 78) formed on a
bottom surface of a dielectric layer (66,76) of the probe
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apparatus (40), relatively short needle test probes (98)

can be used. Shorter needle test probes (98) generally
are less susceptible to inductance losses at such high
frequencies. Furthermore, since the needle test probes
(98) physically are relatively small, a substantially large
number of them can be brought into close physical
~ proximity with an electrical circuit (106) under test.
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Finally, the present invention provides a probe appara-
tus (40) in which the electrical transition from coaxial
line to microstrip transmission line exhibits relatively
good impedance matching.

It will be understood that the embodiment described
above is merely illustrative of many possible specific
embodiments which can represent the principles of the
Invention. Numerous and varied other arrangements
can readily be devised in accordance with these princi-
ples without departing form the spirit and scope of the
invention. Thus, the foregoing description is not in-
tended to limit the invention which is defined by the
appended claims in which:

What is claimed is:

1. A probe apparatus for on-wafer testing of an elec-
trical circuit, said probe apparatus comprising:

a base plate formed from an electrically conductive
material, said base plate including top and bottom
surfaces and defining an aperture extending there-
through, said base plate further defining a plurality
of respective substantially cylindrical conduits;

a substrate formed from a dielectric material, said
substrate including top and bottom surfaces, the
top surface of the substrate being electrically con-
nected to the bottom surface of the base plate, said
substrate defining an aperture therethrough, the
apertures defined by said base plate and said sub-
strate being aligned and sized to permit viewing
therethrough:

a plurality of respective microstrip transmission lines
secured to the bottom surface of said substrate,
each respective microstrip transmission line having
a first end and a second end, each second end being
disposed adjacent to the aperture defined by said
substrate; |

a plurality of respective coaxial connectors, each
including an outer conductor in electrical contact
with said base plate and each including a corre-

‘sponding center conductor having diameter sub-
stantially equal to the width of a respective micro-
strip transmission line, each respective center con-
ductor including a respective end segment which
extends beyond its corresponding outer conductor
and which depends within a respective one of the
conduits and which is in electrical contact with a
first end of a respective one of the microstrip trans-
mission lines, the radial distance from the surface of
each of said respective end segments to a wall
defining a respective conduit being substantially
equal to the thickness of said substrate; and -

a plurality of respective needle probes each electri-
cally connected to a second end of a respective
microstrip transmission line and extending in a
direction substantially away from said base plate.

2. The apparatus of claim 1 wherein the width of each

of said microstrip transmission lines substantially equals
the thickness of said substrate.

3. The apparatus of claim 1 wherein each of said
respective end segments is inclined at an angle relative
to a transverse plane of said base plate.

4. The apparatus of claim 3 wherein the angle of
inclination is substantially 45 degrees. |

O. The apparatus of claim 1 wherein said base plate
includes a recess for receiving a removable insert board:

wherein said plurality of coaxial connectors are

mounted on the base plate; and

wherein said substrate, said plurality of microstrip

transmission lines and said plurality of needle

probes are mounted on said removable insert
board.
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